Background {#Sec1}
==========

Acetylcholinesterase (AChE) hydrolyses acetylcholine (ACh) at the cholinergic pathways of central and peripheral nervous systems. This leads to a resting state which is essential for further uninterrupted neurotransmission \[[@CR1]\]. AChE inhibitors lead to accumulation of ACh and subsequent overstimulation of cholinergic receptors which disrupts neurotransmission. These inhibitors are used as therapeutic agents in myasthenia gravis, Alzheimer's disease, Parkinson's disease etc. \[[@CR2]\]. However, toxic agents like organophosphates (OP) and carbamates are used against pests in farming \[[@CR3]\]. Ethanol is another agent which could result in the inhibition of AChE activity \[[@CR4]\].

AChE inhibitor-insecticides (AChEIIs) lead to acute or chronic poisoning in human. Self-harm and accidental exposures bring about acute poisoning, whereas chronic poisoning occurs among certain groups of workers like farmers. Red blood cell (RBC) AChE activity is used as a marker of toxicity, as it correlates better with the central nervous system AChE \[[@CR5]\]. Globally, pesticides lead to 250,000 deaths per year, out of 3 million episodes of poisoning \[[@CR6]\]. OP poisoning has a case fatality rate of 5--20% in Asia, whereas it is 5.8% for Anuradhapura \[[@CR7], [@CR8]\].

Assessing acute or occupational toxicity to AChE inhibitors requires an understanding of the baseline RBC-AChE activity for the geographical area, which is lacking in scientific literature. This study aims at finding the measures of central tendency, variation for RBC-AChE activity and its relationship with the possible determinants, among healthy non-farmers of Anuradhapura.

Methods {#Sec2}
=======

A descriptive cross-sectional study using a community-based convenience sample of 100 healthy non-farmer volunteers (male:female = 1:1) was done at Anuradhapura during the month of September 2017. Anuradhapura is a district of North Central Province, Sri Lanka, where the majority belong to the rural sector (94.1%) \[[@CR9]\] and agriculture (55%) is its main employment \[[@CR10]\]. In 2014, the Sri Lankan government implemented a ban on three AChEIIs (chlorpyrifos, carbofuran, carbaryl) in Anuradhapura, as a response to increased toxicity \[[@CR11]\]. Further, two other AChEIIs (dimethoate, fenthion) were banned from the country during the same year.

Inclusion criteria of the study were Buddhists aged ≥ 18 years and ≤ 65 years, estimated glomerular filtration rate (eGFR) ≥ 60 ml/min/1.73m^2^ according to CKD-EPI equation and permanent residence of Anuradhapura for ≥ 5 years. Exclusion criteria were any acute illness, history of acute organophosphate/carbamate poisoning, history of farming, history of use of acetylcholinesterase inhibitor medications, history of renal failure, malignancy, immunosuppression, haemoglobinopathies or anaemia, every day smokers \[[@CR12]\], heavy alcohol users \[[@CR13]\] and pregnancy.

The study was carried out to obtain demographic data, anthropometric measurements, blood pressure measurement and blood samples for eGFR and RBC-AChE activity. Study description, obtaining written informed consent, data collection and relevant physical examination were done by the first author. All necessary measures were taken to preserve participant's privacy and confidentiality. Duplicate measurements of RBC-AChE activity in whole blood per haemoglobin concentrate was performed at the Department of Biochemistry, Faculty of Medicine and Allied Sciences, Rajarata University of Sri Lanka, according to the modified Ellman procedure \[[@CR14], [@CR15]\]. Sigma-Aldrich reagents, USA \[[@CR16]\] were used as recommended, and the quality control was done using the AChE-check-control (high/low) from Securetec Detektions-Systeme AG, Germany \[[@CR17]\]. Spectrophotometric reading was done using Spectro 2000, Labomed, Inc., USA \[[@CR18]\]. Wavelengths of 546 and 436 nm were used for the measurement of haemoglobin content and RBC-AChE activity respectively. The measurement of RBC-AChE activity was done at a pH of 7.4 and at a temperature of 37 °C. The concentration in solution of Ellman's reagent, ethopropazine hydrochloride and acetylthiocholine iodide were 10, 6 and 28.4 mM respectively \[[@CR14], [@CR15]\]. Data was entered to a Microsoft Excel sheet (Additional file [1](#MOESM1){ref-type="media"}). Measures of central tendency and variation of RBC-AChE activity were described. Two-sample *T* test was performed to determine significant difference in the means of RBC-AChE activity between males and females (*p* \< 0.05). Pearson's correlation was sort for RBC-AChE activity against age, years residing at Anuradhapura, waist circumference, weight, height, body mass index (BMI), mean arterial pressure (MAP) and eGFR. Regression analysis was done to determine the strength of the relationship between RBC-AChE activity and its above-mentioned possible determinants.

Results {#Sec3}
=======

Majority of the participants were from Nuwaragam Palata East divisional secretariat division (52%), employed (92%) and educated up to or above the advanced level of general certificate of education (88%). The means (SD) for possible determinants of RBC-AChE activity are shown in Table [1](#Tab1){ref-type="table"}.Table 1Possible determinants of red blood cell acetylcholinesterase activity among healthy, non-farmers of Anuradhapura, 2017FactorsMean (SD)Pearson's correlation coefficientRegression analysis (*P* value)Age (years)36.3 (10.2)− 0.1426423180.156Years residing at Anuradhapura (years)32.3 (13.7)− 0.0266614250.274Waist circumference (cm)84.6 (9.6)− 0.1253661330.569Weight (kg)63.9 (13.5)− 0.1420784980.173Height (cm)161.6 (9.3)− 0.0516505970.291Body mass index (kgm^−2^)24.4 (4.4)− 0.1244575040.275Mean blood pressure (mmHg)89.6 (7.7)+ 0.0367661390.194Estimated glomerular filtration rate (ml/min/1.73m^2^)107.9 (15.5)+ 0.1386568060.760

The RBC-AChE activity followed a near normal distribution (Fig. [1](#Fig1){ref-type="fig"}) and ranged from 290.4 to 669.1 mU/μM Hb (18.0 to 41.5 U/g Hb). Kurtosis and skewness for the distribution were − 0.1997 and + 0.3149 respectively. The standard error of kurtosis and skewness were 0.490 \[√(24/n)\] and 0.245 \[√(6/n)\] respectively. Therefore, absolute values of both kurtosis and skewness fall within ± 2 times of its standard errors, which indicate that the data are symmetric and showing near normality. The mean of RBC-AChE activity was 449.8 (SD 74.2) mU/μM Hb with a lower and upper 95% confidence interval of 435.1 and 464.5 respectively. The median was 435.2 mU/μM Hb with an interquartile range of 400.3 to 503.7. The statistical power was calculated as 0.847 using the statistical analysis system (SAS) university edition \[[@CR19]\]. Power was calculated for a normal distribution and a one sample two-sided *T* test using the following parameters: study mean (449.8), mean from previous local literature (431.6) \[[@CR17]\], standard deviation (60.4), sample size (100) and type I error (0.05).Fig. 1Distribution of acetylcholinesterase activity among healthy non-farmers of Anuradhapura, 2017

There was no significant difference between the means of RBC-AChE activity for males (453.2 mU/μM Hb) and females (446.4 mU/μM Hb) (*p* = 0.649) (Fig. [2](#Fig2){ref-type="fig"}). The RBC-AChE activity showed a weak, negative correlation with age, waist circumference, weight and BMI. It showed a weak, positive correlation with eGFR (Table [1](#Tab1){ref-type="table"}, Fig. [3](#Fig3){ref-type="fig"}). Regression analysis had an adjusted *R* square of 0.0079, showing poor overall regression accuracy. There was a high probability for the regression output to be by chance (significance *F* = 0.371). *P* values of all possible determinants failed to show any significance against RBC-AChE activity (Table [1](#Tab1){ref-type="table"}). The distribution of the residuals was highly scattered too (Additional file [2](#MOESM2){ref-type="media"}).Fig. 2Red blood cell acetylcholinesterase activity by sex, among healthy non-farmers of Anuradhapura, 2017Fig. 3Scatter plot for RBC-AChE activity against its possible determinants among healthy non-farmers of Anuradhapura, 2017

Discussion {#Sec4}
==========

Present study was conducted in Anuradhapura during an off-cultivation period (due to drought and lack of fertilisers). In-addition, it has been 3 years of ban on five hazardous AChE inhibitor-insecticides in Anuradhapura. A mean RBC-AChE activity of 449.8 (SD 74.2) mU/μM Hb was similar to activities found among "healthy-controls" of previous toxicological studies at the Southern Province of Sri Lanka. In 2002, RBC-AChE activity among 30 fishermen of the Southern Province decreased from 427.3 (SD 42.5) to 401.1 (SD 41.4) mU/μM Hb (*P* \< 0.01) during cultivation \[[@CR20]\]. In 2003, the decrease was 445.9 (SD 55.3) to 431.6 (SD 60.4) mU/μM Hb among 44 fishermen of the Southern Province \[[@CR21]\]. However, "healthy controls" of a toxicological study done in Western Province (minimum cultivation) showed a higher activity (525.2 mU/μM Hb) among 50 fishermen \[[@CR22]\]. These confirm a decrease in RBC-AChE activity during cultivation, even among the "healthy".

Our findings as well as findings from Southern Province were lower than the reported data from other countries. Worek F et al. showed a RBC-AChE activity of 586.1 (SD 65.1) mU/μM Hb among ten native samples \[[@CR15]\]. The manual of Test-mate-ChE suggests 544.5 (12.9) mU/μM Hb as the normal activity \[[@CR23]\]. Indirect chronic exposure to AChEIIs could be an explanation for lower RBC-AChE activity among healthy non-farmers of an agrarian region. Using a modified Michel method, the largest similar study reported 0.74 ± 0.06 delta pH units/h as the normal range for RBC-AChE activity among 991 individuals of the USA \[[@CR24]\]. However, comparison was difficult due to the lack of a conversion factor between the delta pH assay and the Ellman's assay results \[[@CR24]\].

RBC-AChE activity of the healthy non-farmers had a weak, negative correlation with waist circumference, weight and BMI. Inhibition of AChE at the incretin pathway has been implicated with diabetes mellitus \[[@CR25]\]. A similar mechanism could be an explanation for the above observations. However, a meta-analysis has shown a weight reduction among dementia patients treated with AChE inhibitors \[[@CR26]\]. Therefore, further studies focused on the association between RBC-AChE activity and anthropometric measurements are vital, especially among dwellers of agrarian regions.

This study lacks adequate comparison due to unavailability of previous similar local, regional or global data. However, it had produced valuable baseline RBC-AChE activity among healthy, non-farmers of an agrarian region which could be used in future toxicological studies related to AChE inhibitors. To the best of our knowledge, this is the largest study on RBC-AChE activity, among male and female volunteers, using Ellman's method.

Conclusion {#Sec5}
==========

The baseline mean RBC-AChE activity was low compared to international references. Further studies to find reasons for persistent low activity are essential. In-addition, RBC-AChE activity failed to show any significant strength of relationship with the possible determinants considered.
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Additional file 1:RBC AChE activity among healthy non-farmers of Anuradhapura, 2017. It contains the data of the entire study. (XLS 49 kb) Additional file 2:Regression analysis: RBC-AChE activity against its possible determinants among healthy non-farmers of Anuradhapura, 2017. It contains the regression analysis for RBC-AChE activity against its possible determinants. (PDF 404 kb)
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